Introduction {#Sec1}
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The world is in the midst of the coronavirus disease 2019 (Covid-19) pandemic, an outbreak which was first reported in December 2019, Wuhan city, the capital of Hubei province in China \[[@CR1]\]. By Jan 7, 2020, Chinese scientists had isolated, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), initially known as a novel coronavirus 2019 (2019-nCoV), from these patients with virus-infected pneumonia \[[@CR2]\], which was later designated coronavirus disease 2019 (Covid-19) in February 2020, by World Health Organization (WHO).

Covid-19 adds to the list of zoonotic coronavirus disease after SARS and the Middle East respiratory syndrome (MERS) \[[@CR2]\]. SARS-CoV, MERS-CoV, and SARS-CoV-2 all belong to the β-coronavirus cluster \[[@CR3]\], although information on the sources of SARS-CoV-2 are limited but the current data showed that the SARS-CoV-2 was a combination of virus between a bat coronavirus and a coronavirus of unknown origin \[[@CR4]\]. After comparing with coronavirus from other animals, it was established that snakes are the most likely wildlife source for the SARS-CoV-2 \[[@CR4]\]. Additionally, a study by Benvenuto et al. \[[@CR5]\] revealed that the SARS-CoV-2 was closely related to the coronavirus isolated from Chinese chrysanthemum-headed bats in 2015, supporting the possibility of bats to human transmission.

A multicenter cross-sectional study in China found that 80% of patients who contracted SARS-CoV-2 exhibited mild or moderate symptoms common to other viral respiratory infections \[[@CR6]\]. On the other hand, SARS-CoV-2 has also demonstrated an ability to cause severe disease among certain groups, including older populations and individuals with underlying health conditions such as obesity, cardiovascular disease, and diabetes \[[@CR1], [@CR7]\]. Nevertheless, a clear picture of the epidemiology of this Covid-19 is not yet well understood, but it is now becoming clear that being male is also a factor \[[@CR1], [@CR8], [@CR9]\]. While it is still too early to determine why the gender gap is emerging, this article point to several possible factors such as genetics, immunology, and behavioral as the associated factors.

Genetics {#Sec2}
========

The expression and distribution of the receptor influence the route of virus infection which has a major implication for understanding the pathogenesis and dictate the therapeutic strategies \[[@CR10]\]. Angiotensin-converting enzyme-2 (ACE 2) encoded by ACE 2 gene has been proved to be the receptor for both the SARS-coronavirus (SARS-CoV) and the human respiratory coronavirus NL63 \[[@CR11]\]. The current evidence on the receptors for SARS-CoV-2 suggest that ACE 2 are the responsible receptors for SARS-CoV-2. A study by Lu and colleagues documented that there was a similarity in receptor-binding properties between SARS-CoV-2 and SARS-CoV \[[@CR12]\]. Another in vitro study demonstrated the positive correlation of ACE2 expression and the infection of SARS-CoV \[[@CR13]\]. This means that an organism whose expression of ACE 2 protein is high has a facilitated environment for pathogenesis of coronavirus. Now, having this positive correlation between ACE 2 and coronavirus, different studies quantified the expression of ACE 2 proteins in human cells based on gender ethnicity, for example, in studying the expression level and pattern of human ACE 2 using a single-cell RNA-sequencing (RNA-seq), analysis indicated that Asian males had higher expression of ACE 2 than female \[[@CR14]\]. Additionally, there was an evidence of differences in expression of ACE 2 between different ethnicity \[[@CR11]\]. On the other hand, in establishing the expression of ACE 2 in the primary affected organ, a study conducted in Chinese population found that expression of ACE 2 in human lungs was extremely expressed in Asian male than female \[[@CR10]\].

Immunology {#Sec3}
==========

To generate an appropriately controlled response during infections, immunological checkpoints, such as the inhibitory CD200 receptor (CD200R), greatly play a great role in balancing the immune system during microbial infection by stimulating and controlling hyperimmune mediated response \[[@CR15]\]. CD200R is found in myeloid receptor \[[@CR16]\] and expressed on macrophages, granulocytes, and dendritic cells (DCs), and it also expressed on other immune cells components such as T cells, B cells, and natural killer cells (NK cells) \[[@CR17]\]. A study by Karnam and colleagues \[[@CR17]\] reveled that CD200-CD200R and sex are host factors that together determine the outcome of viral infection. In the study conducted in mice, lack of CD200R signaling strongly enhanced type I interferon (IFN) production and viral clearance and improved the outcome of mouse hepatitis coronavirus infection, particularly in female mice. This means that organisms with high CD200R signaling have an enhance clearance of viral infection. A review which looked on association between sex difference in immune responses concluded that sex-based immunological differences contribute to variations in the susceptibility to infectious diseases and responses to vaccines in males and females. For example, sex-based differences in human leucocytes antigen (HLA) alleles and genes that encode for interleukin (IL), IL-4, IL-10, and the IL-12 receptor, have each been associated with differential antibody responses to vaccines against measles, mumps, hepatitis A, tetanus, and diphtheria in children and adults where hormonal mechanisms are hypothesized to cause this effect \[[@CR18]\]. Another review documented that women, especially during their reproductive years, are at increased risk of developing autoimmune diseases but are more resistant to infections than men. This is possibly mediated by several factors including sex hormones \[[@CR19]\]. The concept of sex-based immunological differences driven by sex hormone and X chromosome has been well described by Elgendy et al., \[[@CR20]\] where blocking estrogen receptors increased the mortality due SARS-CoV infection among female mice, suggesting the role played by estrogen receptors in blocking some viral infection.

Behavior {#Sec4}
========

Since the first report of Covid-19 case in Wuhan, China, many clinical and epidemiological studies are coming out. Previously, much emphasis was initially placed on the elderly or those who have preexisting health conditions such as obesity, hypertension, and diabetes as being at risk of dying from the virus, but we are seeing with every country that provides us with sex-disaggregated data that men are more likely to die from the virus \[[@CR21]\].

In the two hardest hit European nations, majority of the Covid-19 deaths in Italy \[[@CR8]\] were male, while in Spain, almost twice as many men as women have died (<http://globalhealth5050.org/covid19/>. Accessed April 19, 2020). Data from China first revealed a gender gap in deaths, where ﻿41.9% of the admitted patients were female with majority of male sufferers dying compared to women \[[@CR1]\]. Figures from the USA \[[@CR7]\], South Korea \[[@CR9]\], Germany, and UK who died (<http://globalhealth5050.org/covid19/>. Accessed April 19, 2020) have confirmed the pattern.

It is of no doubts, a part of this is biology (genetics and immunology), but a large part of this difference is also driven by gender behavior (life style), such as far higher levels of smoking and drinking among men compared to women \[[@CR9]\]. Further, the recent study conducted in Spain (one of the hardest hit countries in Europe) reported that women had more responsible attitude toward the Covid-19 pandemic than men \[[@CR22]\]. This may reversibly affect their undertaking of preventive measures such as frequent hand washing, face masking, and stay at home orders.

Conclusion {#Sec5}
==========

The biological differences in the immune systems between men and women exist which may impact our ability to fight an infection including SARS-2-CoV-2. Generally, females are more resistant to infections than men, and this is possibly mediated by several factors including sex hormones and high expression of coronavirus receptors (ACE 2) in men but also life style, such as higher levels of smoking and drinking among men as compared to women. Additionally, women have more responsible attitude toward the Covid-19 pandemic than men. This may reversibly affect the undertaking of preventive measures such as frequent hand washing, wearing of face mask, and stay at home orders.
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